Objective: The aim of this multi-centre, randomised, double-blind, placebo-controlled trial was to compare the efficacy and safety of the fixed combination of 0.5 mg tyrothricin, 1.0 mg benzalkonium chloride, and 1.5 mg benzocaine (study drug marketed as Dorithricin ® ) in repeat dosing for 3 days to match placebo lozenges in the treatment of acute pharyngitis in adults.
| INTRODUC TI ON
Acute pharyngitis is one of the most common complaints encountered in clinical practice. Although such infections are self-limited and typically last only for a few days, patients substantially suffer from associated symptoms. In particular, sore throat and dysphagia affect patients during their everyday life. In the majority of cases, the infection that causes pharyngitis is initially viral in nature 1,2 and may be superinfected by bacteria due to inadequate use of antibiotics and disturbed microflora [3] [4] [5] [6] or diverse viral mechanisms which include disruption of the epithelial barrier, upregulation of adhesion proteins, production of viral factors, and dysfunction of immune system components. 1, 2, [7] [8] [9] [10] Except for streptococcus infections occurring in approximately 15% of patients and haemorrhagic fever who clearly need systemic antibiotic regimes first line 11 in non-streptococcal, viral pharyngitis treatment is usually symptomatic addressing relief in pain: Lozenges and sprays are available with a variety of active ingredients for treating sore throat, but only one with a triple combination of synergistically active ingredients 12 : Dorithricin ® lozenges contain: (a) Benzocaine, a local anaesthetic sodium channel blocker with analgesic activity which confers a fast and sustained pain relief 13 (b) Benzalkonium chloride, a biocide with antimicrobial and antiviral activity [14] [15] [16] [17] (c) Tyrothricin, a small, cationic, amphiphilic, antimicrobial peptide (AMP), a naturally occurring antimicrobial non-resorbed agent with a broad spectrum. As part of the innate immune system of vertebrates, AMPs have direct antimicrobial function, acting as mediators of inflammation and their antimicrobial spectrum covers Gram-positive and -negative bacteria, in case of superinfection, as well as fungi and certain viruses. [18] [19] [20] Recent studies revealed antiviral activity was also in the fixed triple combination. 21 This study was designed to investigate the efficacy and safety/tolerability of the triple combination after multiple dosing, randomly assigned and compared with a matching placebo lozenge in adult patients with acute non-bacterial pharyngitis characterised by moderate-to-severe sore throat pain and difficulty in swallowing. The primary outcome was complete remission of symptoms after 3 days. Data were collected from January till June 2017.
| PATIENTS AND ME THODS

| Patients
Male and female outpatients aged ≥18 years were eligible, given a recent onset of sore throat of ≤24 hours duration, diagnosed with acute pharyngitis defined by a Tonsillo-Pharyngitis Assessment (TPA)-score of ≥5 assessed by the investigator. For the TPA each of the following signs and symptoms are rated by points from 0 to 3 according to the severity of the symptoms: oral temperature, oropharyngeal colour, size of tonsils, number of oropharyngeal enanthems, largest size of anterior cervical lymph nodes, number of anterior cervical lymph nodes, and maximum tenderness of some anterior cervical lymph nodes (Table 1) . [18] [19] [20] In addition, patients were required to score their difficulty in swallowing ≥50 mm on the 0-100 mm visual analogue scale (VAS) and pain intensity of ≥7 on an
11-point numeric rating scale (NRS).
A positive rapid streptococcus A test (rapid antigen detection test) sensitive for the major bacterial pathogen responsible for sore throat or a strong suspicion (McIsaac score ≥3) or purulent tonsillitis implied the patient's non-eligibility to avoid the need for antibiotic therapy. 22 Other exclusion criteria consisted of potential confounding factors for assessment and results, such as the use of any systemic analgesics/local analgesics (NSAIDs) in the throat area within 36 hours prior to screening and during the study, the use of local anaesthetics for the treatment of sore throat within 2 days prior to screening and during the study, the use of any systemic antiinflammatory drug/local anti-inflammatory drug in the throat area (eg, glucocorticoids) within 4 weeks prior to screening and during the study, and the use of any other "sore throat medication" or other "cold medication" (lozenges, drops, sprays) that could have interfered with the results of the study within 7 days prior to screening and during the study.
What's known
• Triple active lozenges contain tyrothricin, benzalkonium chloride, and benzocaine and thus, combine potent anaesthetic and local antimicrobial activity. The clinical efficacy has been studied in two randomized controlled trials (RCT) in the past 35, 36 . The improvement of moderate-to-severe pain in acute pharyngitis was not addressed before.
What's new
• In this randomized, double-blind, placebo-controlled, multi-centre trial the fixed combination of 0.5 mg tyrothricin, 1.0 mg benzalkonium chloride, and 1.5 mg benzocaine demonstrates rapid and sustained relief of moderate-to-severe acute sore throat pain and diffi- 
| Study design
The primary objective of this study was to demonstrate that the effect of the fixed combination of 0.5 mg tyrothricin, 1.0 mg benzalkonium chloride, and 1.5 mg benzocaine is superior to placebo with no active substances in the treatment of acute pharyngitis. The study was designed as a prospective, randomised, parallel-group, placebocontrolled, double-blind, multi-centre, phase IV trial.
Patient data were collected by the investigator during two study visits using an electronic case report form (eCRF). Additionally, a paper-based diary and questionnaires were used for the patient to document symptoms, drug administration, side effects, and smoking habits, and to answer consumer-related questions from Visit 1 to Visit 2:
On day 0 (Visit 1), eligible patients were examined: The investigator performed the Tonsillo-Pharyngitis Assessment (TPA ≥ 5) and
McIsaac scoring (<3) and patients were assigned randomly by the investigator, according to their chronological order of arrival, either in the test product group or in the placebo group following a previously established randomisation list in a 1:1 ratio in a sequential order. To guarantee a satisfactory level of blinding, the investigational medicinal products used in this study did not contain mint oil as flavouring excipient. Randomisation list was performed by the sponsor's department for the production of clinical trial medication by using the software Rancode 3.6 professional (IDV Munich); this person also created the emergency envelopes. Treatment units were sequentially numbered using a computer-generated randomisation list by the sponsor. Randomisation was stratified by centre with block size of 4.
The study plan consisted of a stationary single-dose phase up to 2 hours after first dosing, then an ambulatory multiple-dose phase up to Day 3 (Visit 2), ie, 72 (−1/+2) hours after the start of treatment.
Intensity of throat pain was assessed using an 11-point numeric rating scale (11-point NRS) with 0 representing one pain extreme (no pain) and 10 representing the other pain extreme (severe pain). The patient was instructed to evaluate the severity of throat pain at that moment. Patients had to have a baseline NRS score ≥7, at screening.
Difficulty in swallowing was assessed using a VAS, 100 mm in length, and (100-mm VAS) anchored by two verbal descriptors, one for each extreme symptom (0 mm = not difficult, 100 mm = very difficult). The patient was instructed to swallow and to point on the scale how difficult it was to swallow at that moment. Patients had to have a baseline VAS score ≥50 mm, at screening (inclusion criterion).
During the stationary single-dose phase in the centre, patients were instructed to suck the initial dose (two lozenges simultaneously) until it had dissolved, and were not allowed to eat, drink, smoke or take any concomitant medication. The patient assessed the symptoms' pain intensity and difficulty in swallowing over a period of 1 or 2 hours depending on patient′s availability on site at Visit 1: Both, the patient and the investigator were asked to assess study medication with regard to tolerability and level of satisfaction and patients were asked to assess their willingness for recommendation using a 5-point verbal rating scale (VRS).
Also, the consumption of investigational study drug (lozenges) was evaluated: Patients were provided 40 lozenges at the treatment start and reported in their diary about their lozenge consumption, which was reviewed by the investigator at the study end Visit based on the number of lozenges returned by the patient.
| Efficacy assessments and derived endpoints, safety assessments
| Primary efficacy endpoint
The primary endpoint variable was defined as the percentage of total responders assessed at Visit 2 (Approx. 72 hours after first application of treatment).
A patient was defined as total responder in case of a complete resolution of throat pain and difficulty in swallowing at Visit 2.
This was documented as complete disappearance of both pharyngitis symptoms, ie, no throat pain (score = 0 on the 11-point NRS scale) and no difficulties in swallowing (0 mm on the 100-mm VAS scale) based on the questionnaire completed at the study site (Visit 2).
| Secondary efficacy endpoints
As several secondary endpoint parameters were analysed such as:
• Finally, an analysis of prognostic factors: The primary endpoint variables were descriptively investigated by logistic regression with respect to prognostic factors (baseline scores, treatment compliance, gender, age, centre, smoking, and single TPA assessments at baseline).
The level of significance for the detection of prognostic factors was defined as P < 0.1.
| Safety endpoints
Safety and tolerability were assessed by analysis of treatmentemergent adverse events (AEs). All AEs reported spontaneously by the patient or in response to non-leading questioning or clinical exam by the investigator were recorded throughout the stationary phase and at study end. The seriousness, severity, management, outcome, and relationship with study drug of the event were recorded. AEs were coded using the Medical Dictionary for Regulatory Activities (MedDRA, version 19.1).
The examination of the oropharynx was made at baseline and at study end. 
| Additional endpoints addressing treatment satisfaction
Additionally, the following parameters were assessed: the change in the TPA score and TPA single symptom scores from Visit 1 to Visit 2; patients' and investigators' satisfaction with study medication (efficacy); the recommendation of study drug to others and willingness to use the medication in the future.
| Statistics, statistical methods
The study was planned to show superiority of the fixed combination of 0.5 mg tyrothricin, 1.0 mg benzalkonium chloride, and 1.5 mg benzocaine compared to placebo in the primary endpoint, defined as the percentage of patients with complete resolution of throat pain and difficulty in swallowing at Visit 2 (Day 3).
A centre had to randomise and to treat at least eight patients to be a standalone centre in the analysis (centres enrolling less than eight patients were pooled to one virtual centre).
Assuming a response rate of 15% higher for the test product compared to placebo (test product: 44.1% placebo: 29.0%) and a statistical power of 80% and a type I-error rate of 2.5% (one-sided) revealed 160 patients per treatment group (320 patients in total). Sample size was calculated using program PASS 11. No interim analysis was performed.
The analyses of the primary and secondary endpoints were performed using the full analysis set (FAS), ie, all patients were randomised with at least one documented application of trial medication and post-baseline efficacy data for the primary endpoint (Visit 2). For the primary endpoint, this analysis was confirmatory. The analysis of per protocol (PP) set was performed additionally as a sensitivity analysis to determine the effects of the patients excluded from the PP (patients with major protocol deviations were excluded).
The analysis of the primary endpoint was performed applying a generalised estimation equation (GEE) model using logit as link function (SAS proc genmod) for binary response and treatment as factor.
Study centre was included as confounding factor into the model.
Binary-secondary efficacy endpoints were tested statistically analogously to the primary endpoint model. Baseline changes of endpoints in NRS score or VAS will be calculated by a linear mixed model using centre as random effect, treatment as fixed effect and the baseline difference of the respective endpoint as dependent variable. Subgroup analysis of the PP set was performed additionally as a sensitivity analysis to determine the effects of the patients excluded from the PP.
Statistical tests were performed two-sided using an α-level of 5%
(type I error rate). The number of AEs and the number and percentage of patients with at least one AE were tabulated for each treatment group by system organ class (SOC) and preferred term (PT) using the Medical Dictionary for Regulatory Activities (MedDRA, Version 19.1). The number of patients with at least one drug-related AE (ADR) was compared between treatment groups using Fisher's exact test. The log rank test was used to compare the time with first ADR between treatment groups.
| RE SULTS
| Patients
A total of 328 patients were screened, 321 were randomised and analysed 160 (49.8%) to triple active study drug and 161 (50.2%) to placebo; all received the study treatment (FAS population), and 312 patients (97.2%) completed the study ( Figure 1 ). Nine patients prematurely withdrew from the study. At baseline, treatment groups were well matched for age (mean: 35.1 years), sex (male:female ratio: 1:1.6), and baseline sore throat characteristics (Table 2) .
| Efficacy
| Primary efficacy endpoint
Three days treatment with verum and placebo lozenges had a clini- symptom-free until study end (all P-values <0.05, Table 2 ). The difference in the responder rates regarding complete resolution of throat pain 48 hours p.i.d. and symptom-free until study was close to statistical significance in the FAS (P = 0.0528), but reached statistical significance in favour of study drug in the PP analysis (P = 0.0485).
| Secondary endpoints related to primary endpoint
| Further evaluations
The baseline differences in difficulty to swallow and throat pain at The current analysis (sum of pain intensity differences, SPID) focused on the values at 60 minutes, being the mandatory time point at which 100% of patients had completed the questionnaire (mandatory assessment time p.i.d.). The sum of differences over 120 minutes p.i.d. was analysed additionally for the subgroup of patients who completed the questionnaire within 2 hours.
In both the treatment groups, the mean throat pain intensity and the mean intensity of difficulty in swallowing significantly decreased within 2 hours after administration of the initial dose of two lozenges (P < 0.0001).
The mean values of the SPID in throat pain (score points*min) and difficulty in swallowing (mm*min) 1 and 2 hours after the initial dose were higher in the verum group indicating greater reduction in pain intensity ( Figure 3 ) and swallowing difficulty ( Figure 4 ) with study drug compared with placebo at both the timepoints. The group differences were all statistically significant in favour of study drug (P-values <0.005).
The median time to symptom relief (ie, reduction in throat pain by at least 1 score point on the 11-point NRS / reduction in swallowing difficulty by at least 10 mm on 100-mm VAS) was shorter in the verum group compared with the placebo group for both pain relief The percentage of patients with at least 50% symptom reduction from baseline was higher in the verum group compared with the placebo group both for throat pain (23.1% vs 13.8% of patients with at least 50% NRS score reduction within 1 hour and 28.1% vs 22.6% of patients within 2 hours) and difficulty in swallowing (14.7% vs 8.1%
of patients with at least 50% mmVAS reduction within 1 hour and 24.2% vs 15.8% of patients within 2 hours). All differences between groups were statistically significant (P < 0.05) in favour of study drug.
Tonsillo-pharyngitis assessment Changes in the presence and severity of signs and symptoms of acute pharyngitis calculated as TPA vs 98.1%, respectively), a worsening (1.3% vs 3.9%, respectively), or no change (2.6% vs 0.6%) compared with baseline (GEE, P = 0.0014).
Patients' and investigators' satisfaction with study medication Treatment satisfaction (ratings of "satisfied" and "very satisfied" combined) was higher for the 156 (100.0%) patients treated with study medication than for the 160 (100.0%) patients receiving placebo lozenges as shown by the assessments of patients (78.9% vs 55.0%, P < 0.0015) and the investigators' assessments in FAS (78.9% vs 55.6%, P < 0.001; Figure 5 ).
| Investigational drug consumption and willingness to use study medication in the future
The mean adherence to treatment (compliance) was 98.9% (SD 10.8%) corresponding to 8 ± 2 lozenges per day with no difference between the two treatment groups (Table 2) . Patients' willingness to use the study medication in the future and to recommend the study medication to others ( Figure 5) 
| Safety
| Treatment-emergent adverse events
Study drug was well tolerated and the overall safety profile was comparable with placebo. Overall, 42 out of 321 treated patients (13.1%) reported a total of 68 treatment-emergent adverse events (TEAEs). The incidence of TEAEs was higher in the verum group (26/160 patients, 16.3%, reporting 43 TEAEs) compared with the placebo group (16/161 patients, 9.9%, reporting 25 TEAEs; Table 4 ).
Thirteen out of 321 patients (4.1%) experienced at least 1 TEAE with a possible, probable or certain causal relationship to the study drug (drug-related TEAE), 10 out of 160 patients (6.3%) treated with study drug and 3 out of 161 patients (1.9%) receiving placebo.
F I G U R E 5 Treatment satisfaction:
Patients' and investigators' ratings of "satisfied" and "very satisfied" with treatment (SES) and patients' recommendation to others and willingness to use medication in the future (SES) The majority of TEAEs was mild-to-moderate in intensity.
TA B L E 3 Responder rates-primary and secondary endpoint analyses (FAS)
Two out of 321 patients (0.6%) experienced a severe TEAE, ie, pneumonia with hospital admission 1 day after Visit 1 in 1 of 160 patients (0.6%) assigned to but considered unrelated to the test product and one case of tonsillitis in 1 of 161 patients (0.6%) receiving placebo. Deaths did not occur. All TEAEs had resolved by the end of the study. The three TEAEs in 160 patients (1.9%) leading to premature termination of study drug were mild influenza like illness, mild cough, and mild febrile infection (each experienced by 1 patient, 0.6% each). The TEAEs leading to premature termination of placebo were chills and pyrexia both of moderate intensity experienced by the same patient (0.6%). Drug-related TEAEs (MedDRA PT) experienced in both treatment groups (verum vs placebo) were nausea (1.9% vs 0.6%) and cough (0.6% vs 0.6%); drug-related TEAEs that were only reported in the placebo group were pharyngitis bacterial, and in the verum group were oral hypoaesthesia (1.3%), and abdominal pain upper, enteritis, dyspnoea, and oropharyngeal pain (each event 0.6%). The median time to onset of the first drug-related TEAE after treatment start tended to be longer in the verum group compared with the placebo group (8.5 vs 3.2 hours; P = 0.4513).
Bacterial infections such as pharyngitis, nasopharyngitis, otitis media, tonsillitis, sinusitis were reported, seven cases plus one severe case in the placebo group (8/161 patients; 5.2%) compared with one case of nasopharyngitis in the verum group (1/160 patients; 0.6%; P = 0.0186); by including the case of pneumonia with hospital admission at day 2 (P = 0.0505); without both severe TEAEs (P = 0.0327; Table 4 ).
| Vital signs
Measurements in the practice by investigator at baseline (Visit 1) and study end (Visit 2) did not show any clinically relevant changes in average blood pressure, pulse or body temperature in any treatment group (SES).
| Global judgement of tolerability
The frequency of "good" and "excellent" ratings for tolerability of 
| Need of further treatment for acute pharyngitis after end of study
The percentage of patients requiring further medication for treatment of acute pharyngitis after study end was a little higher in the verum group compared with the placebo group (8.8% vs 5.6%, P = 0.2886). The difference between both the groups was also not TA B L E 4 Adverse events summary; most frequent treatmentemergent adverse events; drug-related treatment-emergent adverse events (FAS population) Drug-related TEAEs, TEAEs for which relationship with study drug was suspected.
TA B L E 5 Placebo-controlled trials of lozenges in patients with acute non-streptococcal sore throat and moderate-to-severe pain according to PubMed search for "lozenge in pharyngitis" and "randomized controlled trial" : not assessed. *P-value < 0.05. **P-value < 0.01. ***p-value < 0.005.
TA B L E 5 (Continued)
significant regarding the percentage of patients requiring further medication due to an increase in throat pain intensity and/or difficulty in swallowing compared to baseline (2.5% vs 1.2%; P = 0.4480; SES).
| D ISCUSS I ON
In this multi-centre, double-blind, randomised, placebo-controlled, parallel-group phase IV clinical trial, safety and efficacy of 3-day oral treatment with the fixed combination of 0.5 mg tyrothricin, (Table 5) , we conclude non-steroidal anti-inflammatory drugs (NSAIDs) and topical analgesics can provide short-term pain relief within 1-2 hours in comparison with placebo. However, these trials frequently did not address complete remission or failed in detecting superiority over placebo over the course of 3-4 days -often explained by the natural improvement in the disease in a few days.
23-25
The results of the present study showed a significant benefit of study drug over placebo in the treatment of acute pharyngitis. The primary endpoint (total responders 72 hours p.i.d.) revealed a 64% improvement (GEE, P < 0.0002) and most of the secondary endpoints also showed statistically significant improvements in throat pain and swallowing difficulty on study drug compared with placebo. Overall, patients and investigators were very satisfied with the treatment effect and the tolerability of study drug. This is supported by the fact that 77% of patients in the verum group were willing to use the study medication in the future and to recommend it to others compared with 48% of patients in the placebo group.
| Efficacy: acute and sustained
A rapid onset and sustainability of pain relief are key features when assessing sore throat remedies. 26 Onset of pain relief can be meas- The sustainability of pain relief is often assessed by TOTPAR, but only over 120 minutes after first dosing. In contrast, we consider complete responders free of throat pain and difficulties in swallowing as a more relevant outcome parameter characterising sustainable treatment effect. Indeed, Singla showed that SPID and TOTPAR are very sensitive parameters to detect treatment differences early in clinical trials on acute pain. 28 However, as clinically more meaningful, the authors of the meta-analysis recommend Day 3 as the preferred assessment time for predefined primary endpoint in pharyngitis interventional trials. 29 The ambulatory multiple dose phase of the study revealed significantly better results for patients receiving triple active lozenge on Day 3: They rated higher pain relief, improvement in difficulties in swallowing and combined a higher responder rate than those on placebo, based on both STRS and global efficacy assessments.
This is a remarkable finding as other intervention studies (Table 5) with marketed single compound products (NSAIDS, ibuprofen, flurbiprofen, benzocaine, lidocaine), 23, [30] [31] [32] [33] failed in showing superiority beyond day 1 or 2: the investigators explained their non-significant results by "the favourable natural progression of sore throat (which heals spontaneously in most patients within a few days)," "the natural decrease in sore throat pain intensity with time," and with the "known placebo effect of lozenges." 32 Also, for marketed flurbiprofen, including the approved microgranules, no statistically significant pain relief effect beyond day 1 evening has been shown. 33 The known placebo effect explained by the effect of sucking lozenges and the consequent stimulation of salivation induced by sucking 34 was also seen in this study-despite the same qualifications such as natural progression of sore throat and natural decrease with time, ie, patients in the placebo group also experienced pain relief albeit less. Which discrepancies may explain the beneficial sustainable effect for study drug after 3 days? The design of the trial is comparable to others (placebo controlled, 1:1 balanced allocation to intervention), alike patient population with inclusion criteria of non-bacterial cause of pharyngitis of acute to moderate throat pain. However, we included patients with an onset of symptoms within 24 hours and not up to 2 or 4 days like others did (Table 5 ) and we included patients only with pain intensity >7 in order to exclude milder courses. Clearly, the main difference among trials is the active intervention as others used single compound products, such as NSAIDs or benzocaine, or a double combination of amylmetacresol and 2,4-dichlorobenzyl alcohol (AMC/DCBA). 24 The triple combination used in this trial not only offers pain relief due to the sodium channel blocking agent benzocaine, but also antiviral and antimicrobial activity due to benzalkonium chloride and tyrothricin. The antiviral activity for benzalkonium chloride, as well as the antibacterial and antiviral property of tyrothricin, is known. [18] [19] [20] Antiviral properties for the combination of all three compounds in Dorithricin ® have been recently confirmed in an in vitro model. 21 Thus, we can conclude the composite of three active ingredients with antibacterial, antiviral as well as anti-inflammatory, analgesic activity has its value in blocking the inflammatory process seen in pharyngitis and its viral etiology and potential superinfection -all supporting faster remission free of throat pain and difficulty in swallowing in acute pharyngitis.
| Safety and tolerability
The occurrence of TEAEs considered related to the test product (ADRs) was low (10/160 patients, 6.3%). All ADRs were mild or moderate in intensity and had resolved by the end of the study.
Hypersensitivity reactions including those of the skin were not reported for any patient treated with the test product. In the study, no relevant side effects were noted -all mild and comparable to other studies on lozenges in patients with pharyngitis (Table 4 and 5) . That is, acute side effects were not reported. Also, in previous studies, no relevant adverse drug effects were observed in the clinical studies conducted with Dorithricin ® lozenges.
35,36
Benzocaine has been used as a local anaesthetic for more than a century. Its safety profile is well known. 37 Methaemoglobinaemia is one of the most severe adverse effects known, but is usually associated with the administration of higher concentrations (eg, benzocaine 20% spray) applied in endoscopy, intubation, bronchoscopy, or similar invasive procedures. 38 The authors of a non-clinical in vivo study revealed a single oral dose of 1.6-4.9 mg benzocaine per kg bodyweight would not induce methaemoglobin in humans. 39 Considering these numbers it appears unlikely that the usage of benzocainecontaining throat lozenges may lead to methaemoglobinaemia.
Benzalkonium chloride (N-alkyl-N-benzyl-N,N-dimethyl ammonium chloride) is a quaternary ammonium compound with antimicrobial and antiviral activity that is also used as a preservative agent in topical medications such as eye and nose drops. With the usage of such nose drops, anaphylactic reactions to benzalkonium chloride have been described. 40 Medical application of decongestant nose drops should also take into consideration the rare, but possible, allergic reaction to benzalkonium chloride. One single dose of one lozenge corresponds to only 0.01 mg/kg bodyweight; assuming that one lozenge is dissolved in 15 minutes and that on average 30 mL saliva is produced during that time, a maximum concentration of 0.0333% benzalkonium chloride would be theoretically achieved. 41 The treatment of acute pharyngitis has been controversial for decades, with most of the debate addressing the immediate, delayed or no use of antibiotics: benefits of systemic antibiotics are modest by shortening the symptoms of the illness (by ca. 16 hours), 42 by protecting against acute rheumatic fever or secondary bacterial infections (eg, acute otitis media). [42] [43] [44] Risks are known adverse reactions (eg, nausea, rash, vaginitis, headache, gastrointestinal side effects), disturbance of the beneficial microbial community, especially in the gut microbiome with decreased microbial diversity, [44] [45] [46] but also reported in throat microflora 45 and their widespread use leads to bacterial resistance especially with broad-spectrum antibiotics. 43, 44, [46] [47] [48] [49] Penicillin resistance in Haemophilus influenzae is mainly due to the production of beta-lactamases TEM-1 and ROB-1.
Strep. pneumoniae resistance is due to changes in penicillin-binding proteins. Resistance to tetracyclines, macrolides, trimethoprimsulphamethoxazole and fluoroquinolones depends on changes in target, active efflux and modifying enzymes involved. 47, 48 One first hypothesis assumes that the usage of antibiotics predisposes to bacterial superinfection as prophylactic usage could imbalance the natural microbial flora and facilitate colonisation of bacterial pathogens or pathobionts. 5, 6 The human upper respiratory tract is a reservoir of a diverse community of commensals and po- : The mechanisms by which viruses influence bacterial colonisation and invasion are diverse and include disruption of the epithelium barrier, upregulation of adhesion proteins, production of viral factors and dysfunction of immune system components. 1, 2, 7, 9 In analogy with this controversy it is justified to question if AMPs such as tyrothricin might also disturb the physiological bacterial flora predisposing to bacterial superinfection and if AMPs could lead to bacterial resistance.
Clearly, our trial was not designed for addressing changes in microbiotic flora or induced resistance in the topical usage of antimicrobial tyrothricin.
In our study there were several cases of TEAEs classifiable as bacterial superinfection: bacterial pharyngitis, nasopharyngitis, otitis media, tonsillitis, sinusitis with seven cases in the placebo group (7/161 pts; 4.5%) plus one severe case of tonsillitis (5.2%) versus only one case (ie, nasopharyngitis) among the 160 patients (0.6%) assigned to the verum group (plus one case of pneumonia hospitalised at day 2) supporting the hypothesis that study medication is not enhancing the risk for potential superinfections (first hypothesis) but possibly the opposite, ie, supporting the second hypothesis. Our clinical findings with a significant difference in bacterial infections underline the antimicrobial mode of action. As published by American Pharm Association, Tyrothricin has an effect on oral microorganism and it was shown that total numbers of pathobionts are diminished for at least one-half hour after dissolution of a single lozenge. 50 Tyrothricin is an AMP and AMPs are an intrinsic part of the human innate immune system. Tyrothricin acts only topically, is not absorbed and represents a mixture of two different substances with 80% tyrocidins and 20%
gramicidins. 18 With their interplay, these peptides offer a broad antimicrobial spectrum counteracting Gram-negative and Gram-positive bacteria, especially streptococcus and staphylococcus frequently seen with bacterial infection in inflammatory pharyngitis. 50 The notion of bacterial resistance needs to differentiate systemic antibiotics, especially broad-spectrum antibiotics, from tyrothricin: The mixture of peptides in tyrothricin with different sequences and secondary structures is prevents the induction of bacterial resistance as this would require microorganisms developing different mechanism for resistance simultaneously which is practically not seen. Tyrothricin as AMP acts on the membrane of bacteria leading to lysis of bacteria cells within minutes. 51 One should consider that the double lipid membrane layer of bacteria is highly conserved over evolution and seems not to be a suitable target for modification as resistance strategy without major consequences. Even more, tyrocidine and gramicidin interact with the membrane on different targets which would imply multiple and differing modifications of the membrane if resistance was achieved-on a theoretical level. 52 Finally, the mode of action implies that tyrothricin does not have to enter the bacterial cell for its antibacterial potential, and in consequence, the theoretical strategy for developing resistance by expressing efflux pump systems is not valid. The fast mode of action counteracts the evolution of building resistance within bacterial populations. And tyrothricin acts only locally and thus prevents the cross building of resistance with systemically active antibiotics. 18 These microbiological aspects are underlined by clinical evidence and for addressing the question of induced resistance by the topical usage of tyrothricin, we revert to trials designed for: Many studies have investigated the question of induced resistance. 53 Locally applied tyrothricin has not led to resistance as shown in multiple studies, the latest by Strauss-Grabo, 54 The widespread overuse of systemic penicillin and other systemic antibiotics may expose patients unnecessarily to potential AEs and cause a dramatic increase in resistances. 49 
| CON CLUS ION
